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04/1 0/2000 with letter of 



28/09/2000 



Drawings, sheets: 

1 /2,2/2 as originally filed 

2. The amendments have resulted in the cancellation of: 
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□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



Form PCT/iPEA/409 (Boxes l-VIH, Sheet 1) (January 1994) 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB99/02501 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: 

No: 

Inventive step (IS) Yes: 

No: 

Industrial applicability (IA) Yes: 

No: 



2. Citations and explanations 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



Reference is made to the following documents: 

D1 : DAI, GUORUI ET AL: 'A study of tungsten oxide thin films prepared by 
plasma enhanced CVD (PECVD)' ADV. SCI. TECHNOL. (1995), 
5(ADVANCES IN INORGANIC FILMS AND COATINGS), 407-414 , 
XP002 123373 

D2: CHEMICAL ABSTRACTS, vol. 126, no. 15, 14 April 1997 (1997-04-14) 
Columbus, Ohio, US; abstract no. 205647, HUI, BORAN ET AL: Tungsten 
oxide thin films prepared by using tungsten oxychloride as a precursor' 
XP002123375 & JILIN DAXUE ZIRAN KEXUE XUEBAO (1996), (3), 49-52 , 

D3: DAVAZOGLOU D ET AL: 'STRUCTURE AND OPTICAL PROPERTIES OF 
W03 THIN FILMS PREPARED BY CHEMICAL VAPOUR DEPOSITION' 
THIN SOLID FILMS MAR 2 1987, vol. 147, no. 2, 2 March 1987 (1987-03- 
02), pages 131-142, XP002123374 

D4: ENNAOUI A ET AL: 'Preparation of textured and photoactive 2H-WS2 thin 
films by sulfurization of W03' THIN SOLID FILMS, vol. 261, no. 1/2, 1 June 
1995 (1995-06-01), page 124-131 XP004003740 ISSN: 0040-6090 

D5: EP-A-0 546 669 (FORD WERKE AG ;FORD FRANCE (FR); FORD MOTOR 
CO (GB)) 16 June 1993 (1993-06-16) cited in the application 

D6: ROTHSCHILD M ET AL: 'EXCIMER-LASER-INDUCED SUB-0.5UM 

PATTERNING OF W03 THIN FILMS' APPLIED PHYSICS LETTERS, vol. 
59, no. 14, 30 September 1991 (1991-09-30), pages 1790-1792, 
XP000250019 ISSN: 0003-6951 

The subject-matter of Claims 1 to 19 and 27 to 29 is new with respect to the prior art 
cited in the search report by virtue of the feature, which defines the temperature at 
which the substrate is to be held during the claimed process as 500°C to 720°C. 

The subject-matter of Claims 20 to 26 is new with respect to the prior art cited in the 
search report by virtue of the feature, which refers to the overcoating defined in the 
characterising portion of Claim 20. 
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The subject-matter of Claim 30 is new with respect to the prior art cited in the search 
report by virtue of the feature which refers to an ester as a tone of th e reagents in the 
gaseous stream directed to the surface of the glass substrate. 

The subject-matter of product Claim 31 cannot be distinguished on the basis of this 
feature from the products prepared by the processes according to the prior art of any of 
D1 to D6. Consequently the product according to this Claim is indistinguishable from 
those known in the prior art. 

There is no prior art available mentioning multiple glazing units of the nature defined in 
Claim 32 in connection with the coated glass recited in Claim 31. The subject-matter of 
Claim 32 is therefore new with respect to the cited prior art. Document D5, however, 
mentions in line 58 on page 2 to line 1 of page 3 and in lines 29 to 32 on page 3 
architectural glazing manufactured using a process for applying a film which results in a 
coated glass indistinguishable from that claimed in Claim 31. The skilled person would 
regard it as obvious to apply the prior art disclosed in D5 to glazings which are also 
multiple glazings, since in most temperate to cold climate countries multiple glazing is 
the usual form of glazing. 

The subject-matter of Claims 1 to 30 is inventive with respect to the available prior art, 
since any of the distinguishing features discussed above lead either to a faster 
deposition rate ( at least 2.7 nm/sec - see results in appropriate column of Table I) or a 
more durable tungsten oxide coating. None of the available prior art suggest to the 
person skilled in the art making use of any of the besaid distinguishing features to solve 
the problem of improvements in durability or enhancements in deposition rates for 
coatings as claimed by the invention. 
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A nitrogen carrier gas feed was passed through a bubbler (corresponding to bubbler 
2 in Figure 1) maintained at a temperature of 30*C at a flow rate of 1 litre/min, the 
bubbler containing either ethyl or butyl acetate. A separate nitrogen carrier gas feed was 
passed over solid WOCL, in a standard bubbler (bubbler 1), the bubbler situated in an oven 
8 to maintain the precursor in a temperature range 170 - 185*0. Thermal decomposition 
of WOCU is low and good precursor transport and growth was still achieved after 20 hours 
in this temperature range. The separate carrier gas feeds, one with entrained ester and the 
other with entrained WOCU. were combined to form a precursor gas mixture. A nitrogen 
make-up of 5.5 Iitres/min and oxygen gas were added to dilute the precursor gas mixture 
and the diluted precursor gas mixture was delivered through a line (20) to the reactor, the 
line maintained at a temperature of 200°C. The diluted precursor gas mixture was directed 
on to the heated glass substrate in the reactor resulting in the deposition of a tungsten 
oxide coating. The deposition process was continued for a run time of 10 or 30 seconds. 
At the end of the deposition process, the coated glass was allowed to cool to room 
temperature under nitrogen. The thickness of the tungsten oxide coating was measured by 
standard optical (optical constants were obtained from the spectra and the spectra 
modelled to determine the larger thicknesses) and/or stylus methods. Similar methods 
were used to measure all layer thicknesses in the Examples. 

Table 1 shows the ester used in each Example together with the flow rate of oxygen 
added to the precursor gas mixture, the run time of the coating process, the thickness of 
tungsten oxide deposited and the peak growth rate (growth rate of the thickest part of the 
layer) of the tungsten oxide coating. It was observed that for constant ethyl acetate 
concentration, growth rate dropped with increasing oxygen concentration. 

Bubbler 1 was fitted with a 100 pound per square inch (0.69 MPa) pressure relief 
valve to minimise risk from over-pressurisation, which could occur, for example, if there 
were any blockage of the bubbler or delivery lines. Particular care was taken to exclude 
moisture from the delivery lines and WOCL, bubbler because the precursor appears to 
have an increased sensitivity to moisture at elevated temperature. 

The coating process appeared to be affected significantly by substrate temperature. 
During preparation and performance of these Examples the best deposition temperature 
range appeared to be 565 - 655°C. 
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CLAIMS 

1. A process for depositing a coating comprising tungsten oxide on the surface of a 
glass substrate by directing a gaseous stream comprising tungsten oxyhalide or 
tungsten chloride and a source of oxygen on to the surface of the glass substrate, 
characterised in that the glass substrate is at a temperature in the range 500°C to 
720°C. 

2. A process according to claim 1 wherein the coating comprising tungsten oxide 
comprises a layer of tungsten oxide. 

3. A process according to claim 1 or claim 2 wherein tungsten oxyhalide comprises a 
tungsten oxychloride, preferably tungsten oxytetrachloride. 

4. A process according to any preceding claim wherein tungsten oxyhalide or tungsten 
chloride comprises a substituted tungsten oxyhalide or tungsten chloride. 

5. A process according to any preceding claim wherein the source of oxygen comprises 
an ester. 

6. A process according to claim 5 wherein the ester has from 3 to 6 carbon atoms. 

7. A process according to claim 5 or 6 wherein the ester is ethyl acetate or butyl 
acetate. 

8. A process according to any preceding claim wherein the gaseous stream contains 
oxygen gas. 

9. A process according to any preceding claim wherein the ratio of tungsten oxyhalide 
or tungsten chloride and the source of oxygen are such that the layer of tungsten 
oxide is deposited as non-stoichiometric tungsten oxide. 
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10. A process according to any preceding claim wherein the gaseous stream contains a 
source of fluorine. 

11. A process according to claim 10 wherein the source of fluorine comprises 
hexafluoroethane, trifluoroacetic acid or hexafluoropropylene oxide. 

12. A process according to any preceding claim wherein tungsten oxyhalide or tungsten 
chloride is entrained in the gaseous stream by flowing inert gas over hot tungsten 
oxyhalide or tungsten chloride. 

13 A process according to claim 12 wherein tungsten oxyhalide or tungsten chloride is 
at a temperature in the range 170°C to 210°C. 

14. A process according to claim 12 or 13 wherein the inert gas comprises nitrogen. 

15. A process according to any preceding claim wherein the source of oxygen comprises 
an ester and is entrained in the gaseous stream by contacting said ester with a 
flowing inert gas. 

16. A process according to claim 15 wherein the ester is at a temperature in the range 
30°C to 45°C. 

17. A process according to any preceding claim wherein the tungsten oxide layer has a 
thickness in the range 70 to 180 nm. 



18. A process according to any preceding claim wherein the tungsten oxide layer is 
deposited at a growth rate in the range 3 to 25 nm s" 1 . 

19. A process according to any preceding claim wherein the tungsten oxide layer is 
overcoated with a further layer. 
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20. A process for coating glass comprising directing a gaseous stream containing a 
tungsten compound and a source of oxygen on to the surface of a glass substrate 
thereby forming a non-stoichiometric tungsten oxide layer characterised in that the 
tungsten oxide layer is overcoated with a further layer. 

21. A process according to claim 19 or 20 wherein the further layer comprises a metal 
oxide. 

22. A process according to claims 19 to 21 wherein the further layer comprises fluorine 
doped tin oxide. 

23. A process according to any preceding claim wherein the process is performed during 
the float glass production process. 

24. A process according to any preceding claim wherein the glass substrate is at a 
temperature in the range 565°C to 655°C. 

25. A process according to any preceding claim wherein the tungsten oxide layer is 
deposited on to coated glass. 

26. A process according to claim 25 wherein the coated glass has a coating comprising 
silicon oxide, preferably containing carbon. 

27. A process for coating glass comprising entraining a tungsten compound in a gas by 
flowing the gas over a tungsten compound at a temperature below its melting point 
and directing the gaseous stream on to the surface of a glass substrate thereby 
forming a tungsten oxide layer, characterised in that the glass substrate is at a 
temperature in the range 500°C to 720°C. 

28. A process according to claim 27 wherein the tungsten compound is tungsten halide, 
tungsten oxyhalide or tungsten carbonyl. 
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29. A method of coating glass comprising 

(a) providing a glass substrate having a temperature in the range 500°C to 720°C, 

(b) preparing a gaseous stream comprising a source of oxygen and a tungsten 
compound selected from the group consisting essentially of tungsten oxyhalide 
and tungsten chloride, and 

(c) directing the gaseous stream on to the glass substrate, thereby depositing a 
coating comprising tungsten oxide on the glass substrate. 

30 A process for depositing a coating comprising tungsten oxide on the surface of a 
glass substrate by directing a gaseous stream comprising tungsten oxyhalide or 
tungsten chloride and an ester on to the surface of the glass substrate. 

31. A coated glass produced by a process according to any preceding claim. 

32. A multiple glazing unit comprising a coated glass according to claim 31 in spaced 
opposed relation to a glazing pane. 
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I. Basis of the report 
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the report since they do not contain amendments.): 
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1. Statement 



Novelty (N) 


Yes: 


Claims 


1-30, 32 




No: 


Claims 


31 


inventive step (IS) 


Yes: 


Claims 


1-30 




No: 


Claims 


32 


Industrial applicability (IA) 


Yes: 


Claims 


1-32 




No: 


Claims 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1: DAI, GUORUI ET AL: 'A study of tungsten oxide thin films prepared by 
plasma enhanced CVD (PECVD)' ADV. SCI. TECHNOL. (1995), 
5(ADVANCES IN INORGANIC FILMS AND COATINGS), 407-414 , 
XP002 123373 

D2: CHEMICAL ABSTRACTS, vol. 126, no. 15, 14 April 1997 (1997-04-14) 
Columbus, Ohio, US; abstract no. 205647, HUI, BORAN ET AL: Tungsten 
oxide thin films prepared by using tungsten oxychloride as a precursor' 
XP002123375 & JILIN DAXUE ZIRAN KEXUE XUEBAO (1996), (3), 49-52 , 

D3: DAVAZOGLOU D ET AL: 'STRUCTURE AND OPTICAL PROPERTIES OF 
W03 THIN FILMS PREPARED BY CHEMICAL VAPOUR DEPOSITION' 
THIN SOLID FILMS MAR 2 1987, vol. 147, no. 2, 2 March 1987 (1987-03- 
02), pages 131-142, XP002123374 

D4: ENNAOUI A ET AL: 'Preparation of textured and photoactive 2H-WS2 thin 
films by sulfurization of W03' THIN SOLID FILMS, vol. 261, no. 1/2, 1 June 
1995 (1995-06-01), page 124-131 XP004003740 ISSN: 0040-6090 

D5: EP-A-0 546 669 (FORD WERKE AG ;FORD FRANCE (FR); FORD MOTOR 
CO (GB)) 16 June 1993 (1993-06-16) cited in the application 

D6: ROTHSCHILD M ET AL: 'EXCIMER-LASER-INDUCED SUB-0.5UM 

PATTERNING OF W03 THIN FILMS' APPLIED PHYSICS LETTERS, vol. 
59, no. 14, 30 September 1991 (1991-09-30), pages 1790-1792, 
XP000250019 ISSN: 0003-6951 

The subject-matter of Claims 1 to 1 9 and 27 to 29 is new with respect to the prior art 
cited in the search report by virtue of the feature, which defines the temperature at 
which the substrate is to be held during the claimed process as 500°C to 720°C. 

The subject-matter of Claims 20 to 26 is new with respect to the prior art cited in the 
search report by virtue of the feature, which refers to the overcoating defined in the 
characterising portion of Claim 20. 
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The subject-matter of Claim 30 is new with respect to the prior art cited in the search 
report by virtue of the feature which refers to an ester as a tone of th e reagents in the 
gaseous stream directed to the surface of the glass substrate. 

The subject-matter of product Claim 31 cannot be distinguished on the basis of this 
feature from the products prepared by the processes according to the prior art of any of 
D1 to D6. Consequently the product according to this Claim is indistinguishable from 
those known in the prior art. 

There is no prior art available mentioning multiple glazing units of the nature defined in 
Claim 32 in connection with the coated glass recited in Claim 31. The subject-matter of 
Claim 32 is therefore new with respect to the cited prior art. Document D5, however, 
mentions in line 58 on page 2 to line 1 of page 3 and in lines 29 to 32 on page 3 
architectural glazing manufactured using a process for applying a film which results in a 
coated glass indistinguishable from that claimed in Claim 31. The skilled person would 
regard it as obvious to apply the prior art disclosed in D5 to glazings which are also 
multiple glazings, since in most temperate to cold climate countries multiple glazing is 
the usual form of glazing. 

The subject-matter of Claims 1 to 30 is inventive with respect to the available prior art, 
since any of the distinguishing features discussed above lead either to a faster 
deposition rate ( at least 2.7 nm/sec - see results in appropriate column of Table I) or a 
more durable tungsten oxide coating. None of the available prior art suggest to the 
person skilled in the art making use of any of the besaid distinguishing features to solve 
the problem of improvements in durability or enhancements in deposition rates for 
coatings as claimed by the invention. 
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A nitrogen carrier gas feed was passed throughVBubbler (corresponding to bubble^\ 
2 in Figure 1) maintained at a temperature of 30°C at a flow rate of I litre/min, the 
bubbler containing either ethyl or butyl acetate. A separate nitrogen carrier gas feed was 
passed over solid WOCU in a standard bubbler (bubbler 1), the bubbler situated in an oven 
8 to maintain the precursor in a temperature range 170 - 185°C. Thermal decomposition 
of WOCU is low and good precursor transport and growth was still achieved after 20 hours 
in this temperature range. The separate carrier gas feeds, one with entrained ester and the 
other with entrained WOCU. were combined to form a precursor gas mixture. A nitrogen 
make-up of 5.5 litres/min and oxygen gas were added to dilute the precursor gas mixture 
and the diluted precursor gas mixture was delivered through a line (20) to the reactor, the 
line maintained at a temperature of 200°C. The diluted precursor gas mixture was directed 
on to the heated glass substrate in the reactor resulting in the deposition of a tungsten 
oxide coating. The deposition process was continued for a run time of 10 or 30 seconds. 
At the end of the deposition process, the coated glass was allowed to cool to room 
temperature under nitrogen. The thickness of the tungsten oxide coating was measured by 
standard optical (optical constants were obtained from the spectra and the spectra 
modelled to determine the larger thicknesses) and/or stylus methods. Similar methods 
were used to measure all layer thicknesses in the Examples. 

Table 1 shows the ester used in each Example together with the flow rate of oxygen 
added to the precursor gas mixture, the run time of the coating process, the thickness of 
tungsten oxide deposited and the peak growth rate (growth rate of the thickest part of the 
layer) of the tungsten oxide coating. It was observed that for constant ethyl acetate 
concentration, growth rate dropped with increasing oxygen concentration. 

Bubbler 1 was fitted with a 100 pound per square inch (0.69 MPa) pressure relief 
valve to minimise risk from over-pressurisation, which could occur, for example, if there 
were any blockage of the bubbler or delivery lines. Particular care was taken to exclude 
moisture from the delivery lines and WOCU bubbler because the precursor appears to 
have an increased sensitivity to moisture at elevated temperature. 

The coating process appeared to be affected significantly by substrate temperature. 
During preparation and performance of these Examples the best deposition temperature 
range appeared to be 565 - 655°C. 
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CLAIMS 



1. A process for depositing a coating comprising tungsten oxide on the surface of a 
glass substrate by directing a gaseous stream comprising tungsten oxyhalide or 
tungsten chloride and a source of oxygen on to the surface of the glass substrate, 
characterised in that the glass substrate is at a temperature in the range 500°C to 
720°C. 



2. A process according to claim 1 wherein the coating comprising tungsten oxide 
comprises a layer of tungsten oxide. 

3. A process according to claim 1 or claim 2 wherein tungsten oxyhalide comprises a 
tungsten oxychloride, preferably tungsten oxytetrachloride. 

4. A process according to any preceding claim wherein tungsten oxyhalide or tungsten 
chloride comprises a substituted tungsten oxyhalide or tungsten chloride. 

5. A process according to any preceding claim wherein the source of oxygen comprises 
an ester. 

6. A process according to claim 5 wherein the ester has from 3 to 6 carbon atoms . 

7. A process according to claim 5 or 6 wherein the ester is ethyl acetate or butyl 
acetate. 



8. A process according to any preceding claim wherein the gaseous stream contains 
oxygen gas. 

9. A process according to any preceding claim wherein the ratio of tungsten oxyhalide 
or tungsten chloride and the source of oxygen are such that the layer of tungsten 
oxide is deposited as non-stoichiometric tungsten oxide. 
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10. A process according to any preceding claim wherein the gaseous stream contains a 
source of fluorine. 

11. A process according to claim 10 wherein the source of fluorine comprises 
hexafluoroethane, trifluoroacetic acid or hexafluoropropylene oxide. 

12. A process according to any preceding claim wherein tungsten oxyhalide or tungsten 
chloride is entrained in the gaseous stream by flowing inert gas over hot tungsten 
oxyhalide or tungsten chloride. 

13 A process according to claim 12 wherein tungsten oxyhalide or tungsten chloride is 
at a temperature in the range 170°C to 210°C. 

14. A process according to claim 12 or 13 wherein the inert gas comprises nitrogen. 

15. A process according to any preceding claim wherein the source of oxygen comprises 
an ester and is entrained in the gaseous stream by contacting said ester with a 
flowing inert gas. 

16. A process according to claim 15 wherein the ester is at a temperature in the range 
30°C to 45°C. 

17. A process according to any preceding claim wherein the tungsten oxide layer has a 
thickness in the range 70 to 180 nm. 

18. A process according to any preceding claim wherein the tungsten oxide layer is 
deposited at a growth rate in the range 3 to 25 nm s" 1 . 

19. A process according to any preceding claim wherein the tungsten oxide layer is 
overcoated with a further layer. 
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20. A process for coating glass comprising directing a gaseous stream containing a 
tungsten compound and a source of oxygen on to the surface of a glass substrate 
thereby forming a non-stoichiometric tungsten oxide layer characterised in that the 
tungsten oxide layer is overcoated with a further layer. 

21. A process according to claim 19 or 20 wherein the further layer comprises a metal 
oxide. 

22. A process according to claims 19 to 21 wherein the further layer comprises fluorine 
doped tin oxide. 

23. A process according to any preceding claim wherein the process is performed during 
the float glass production process. 

24. A process according to any preceding claim wherein the glass substrate is at a 
temperature in the range 565°C to 655°C. 

25. A process according to any preceding claim wherein the tungsten oxide layer is 
deposited on to coated glass. 

26. A process according to claim 25 wherein the coated glass has a coating comprising 
silicon oxide, preferably containing carbon. 

27. A process for coating glass comprising entraining a tungsten compound in a gas by 
flowing the gas over a tungsten compound at a temperature below its melting point 
and directing the gaseous stream on to the surface of a glass substrate thereby 
forming a tungsten oxide layer, characterised in that the glass substrate is at a 
temperature in the range 500°C to 720°C. 

28. A process according to claim 27 wherein the tungsten compound is tungsten halide, 
tungsten oxyhalide or tungsten carbonyl. 
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29. A method of coating glass comprising 

(a) providing a glass substrate having a temperature in the range 500°C to 720°C, 

(b) preparing a gaseous stream comprising a source of oxygen and a tungsten 
compound selected from the group consisting essentially of tungsten oxyhalide 
and tungsten chloride, and 

(c) directing the gaseous stream on to the glass substrate, thereby depositing a 
coating comprising tungsten oxide on the glass substrate. 

30 A process for depositing a coating comprising tungsten oxide on the surface of a 
glass substrate by directing a gaseous stream comprising tungsten oxyhalide or 
tungsten chloride and an ester on to the surface of the glass substrate. 

31. A coated glass produced by a process according to any preceding claim. 

32. A multiple glazing unit comprising a coated glass according to claim 31 in spaced 
opposed relation to a glazing pane. 
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